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channel. Each channel includes one detector installed
around the pressure vessel. The detectors of the power range
channel and the intermediate range channel both include
several fission chambers. The detectors of the intermediate
range channel and power range channel share several fission
chambers. Since some detectors employ fission chambers,
the Gamma radiation resistance property, anti-noise prop-
erty, and anti-electromagnetic interference property are
improved. Sharing fission chambers reduces the number of
detectors to be installed, thus relieving the installation
workload and the positioning of a follow-up detector. Fur-
ther, the system increases the number of some channels,
which increases redundancy and improves system reliability.
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NUCLEAR INSTRUMENTATION SYSTEM
AND METHOD FOR LOCATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national phase application of
PCT application No. PCT/CN2015/094495, filed Nov. 12,

2013, and also claims priority to Chinese Patent Application
No 2015107728313, filed Nov. 12, 2015 1n the State Intel-

lectual Property Office of P.R. China, which are hereby
incorporated herein in their entireties by reference.

FIELD OF THE INVENTION

The present application relates generally to a field of
nuclear power system, and more particularly relates to a

nuclear mstrumentation system and method for locating the
same.

BACKGROUND OF THE INVENTION

A nuclear instrumentation system, also known as the RPN
system, employs a series of detectors distributed outside the
reactor pressure vessel for measuring a reactor power, a
power variation rate and a power radial and axial distribu-
tion and so on. At present, the RPN system 1s known to
contain two source range channel detectors, two intermedi-
ate range channel detectors, and four power range channel
detectors. The intermediate range channel detector consists
of several compensated 1omization chambers, and the power
range channel detector consists of six segments of long
ionization chambers. As the long 1onmization chambers and
the compensated 1onmization chambers are employed, the
intermediate range channel detector and the power range
channel detector have a poor performance 1n Gamma radia-
tion resistance property, anti-noise property and anti-elec-
tromagnetic interference property, thus having poor stability
and reliability, so can not satisty the surveilling requests of
the nuclear power plant after accidents.

In additional, the source range channel and intermediate
range channel have two channels which possessing a lower
redundancy. Consequently, when an accident occurs, the
source range channel and intermediate range channel have
signals of low reliability. Further, in the traditional RPN
system, the distribution 1n the radial direction and the axial
direction 1s as follows. The standby channel 1s located at the
radial positions of 0° and 180° of the reactor pressure vessel
in the distribution along the radial direction, the source range
channel detector and intermediate range channel detector are
located at the radial positions of 90° and 270° of the reactor
pressure vessel 1n the distribution along the radial direction,
the power range channel detectors are located at the radial
positions of 45°, 135°, 225° and 315° of the reactor pressure
vessel 1n the distribution along the radial direction, respec-
tively. In the distribution along the axial direction, the source
range channel detector and intermediate range channel
detector are centred 1n a core plane at 4 or V2 height of the
core, the power range channel detector 1s centred 1n a core
plane at 12 height of the core. When locating, the cylinder
bracket of the detector can not be directly installed in the
measurement position due to the support ring of the pressure
vessel. Referring FI1G. 1, the RPN system locates the detec-
tors via a push-pull trolley. As shown in FIG. 1, reference
number 1 represents the vessel head of the pressure vessel,
reference number 2 represents the cover, reference number
3 represents the cable connecting plate, reference number 4
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2

represents the detector, reference number S represents the
core, reference number 6 represents the measuring position,

reference number 7 represents the position when the detector
1s pulled out, reference number 8 represents the moveable
locating device. The source range channel detector and the
intermediate range channel detector are installed 1n the same
sleeve, the power range channel detector i1s installed 1n
another sleeve. These sleeves enter the locating trolley via
lifting channels 1n different angles and are fixed therein
(referring the detection tube shown by dotted line 1n FIG. 1).
Then, these sleeves are transferred to the work position
along the predetermined route via the locating trolley, then
the cable 1s connected with the cable connecting plate via an
upper hole. The detectors can be lifted 1n and out via the
upper hole for maintenance and installation. However, not
only 1s such installation and location manner cumbersome,
but also 1t requires large space for installation and mainte-
nance and 1s mconvenient for operation and maintenance.
Even 1n the test maintenance during refueling outage, the
work stall also suflers much radioactive irradiation, and they
would sufler even more when inspecting or replacing the
detectors. In addition, the cable connecting plate 1s very
close to the reactor core, so its thermal expansion and
contraction 1s likely to result 1n connection loose, thus
mutating or losing measuring signal of the detector.

SUMMARY OF THE INVENTION

An objective of this invention 1s, aimed to the disadvan-
tage discussed above, providing a nuclear instrumentation
system and method for locating the same.

According to a first aspect, a nuclear instrumentation
system 1s provided for surveilling reactor core parameters of
the pressure vessel, which including a source range channel,
an intermediate range channel and a power range channel,
wherein each channel includes one detector installed around
the pressure vessel, the detectors of the power range channel
and the intermediate range channel both include several
fission chambers, all the fission chambers of the detector of
the intermediate range channel share the fission chambers of
the power range channel.

In the nuclear istrumentation system according to the
present application, the detector of the power range channel
includes four fission chambers connected 1n turn, wherein,
the four fission chambers are homogeneously distributed at
both sides of a core plane at %2 height of the core along an
axial direction of the pressure vessel, the detector of the
intermediate range channel shares both two middle fission
chambers of the detector of the power range channel.

In the nuclear mnstrumentation system according to the
present application, the detector of the source range channel
1s 1nstalled in a core plane at %4 height of the core along an
axial direction of the pressure vessel.

In the nuclear mstrumentation system according to the
present application, there are three source range channels,
four intermediate range channels and four power range
channels.

In the nuclear instrumentation system according to pres-
ent application, the detectors of the intermediate range
channel and the detectors of the power range channel are
both installed 1n one instrumentation guding sleeve, the
detectors of the source range channel are installed 1n one
instrumentation guiding sleeve independently, the detectors
of the three source range channels are installed homoge-
neously along a circumierential direction of the pressure
vessel, the detectors of the four intermediate range channels/
power range channels are installed homogeneously along the




US 10,679,760 B2

3

circumierential direction of the pressure vessel, wherein the
detectors of the source range channels and the detectors of
the intermediate range channels/power range channels are
staggered with each other.

In the nuclear instrumentation system according to pres-
ent application, the detectors of the source range channels
are distributed at radial positions of 10°, 190°, 280° of the
pressure vessel, the detectors of the intermediate range
channels/power range channels are distributed at radial
positions of 45°, 135°, 225° and 315° of the pressure vessel.

In the nuclear instrumentation system according to pres-
ent application, the instrumentation guiding sleeve with a
bottom of opening structure 1s pre-embedded 1 a civil
engineering structure of a reactor workshop, and the instru-
mentation guiding sleeve extends downward and obliquely
along a wall to a position near a top of the pressure vessel,
then extends vertically downward and exceeds a plane
where the bottom of the pressure vessel locates.

In the nuclear instrumentation system according to pres-
ent application, the nuclear mstrumentation system further
includes several lifting ports 1n a connecting box of an
operating platform of the reactor workshop, each of the
lifting ports 1s communicated with one of the instrumenta-
tion guiding sleeves which 1s connected with the connecting,
box, a top of each detector 1s connected with an outer lifting,
device.

In the nuclear instrumentation system according to pres-
ent application, each of the lifting ports 1s installed with the
cable connecting plate, a cable of the detector 1s connected
with a protection cabinet of the nuclear instrumentation
system via the cable connecting plate.

In the nuclear instrumentation system according to pres-
ent application, the lifting device 1s a polar crane of the
reactor workshop.

In the nuclear instrumentation system according to pres-
ent application, the nuclear mnstrumentation system further
includes four protection cabinets, the detectors of the four
intermediate range channels/power range channels are con-
nected with the four protection cabinets via coaxial cables,
respectively, the detector of each source range channel 1s
connected with one protection cabinet via a coaxial cable.

In the nuclear instrumentation system according to pres-
ent application, the nuclear instrumentation system further
includes one control cabinet connected with each protection
cabinet, and further connected with an outer system.

In the nuclear instrumentation system according to pres-
ent application, the nuclear mstrumentation system further
includes an interface system for connecting corresponding
protection cabinet to following system: a reactor protection
system, a rod position indicating and rod control system, a
main control room, a core online surveillance system.

According to a second aspect, a method for locating a
nuclear instrumentation system discussed above 1s provided,
which including:

S1. connecting the top of each detector with the lifting
device;

S2. putting each detector into corresponding lifting port
after lifting each detector by the lifting device, wherein, the
lifting ports are arranged in the connecting box of the
operating platform of the reactor workshop, each of the
lifting ports 1s communicated with one instrumentation
guiding sleeve which 1s connected with the connecting box,
the instrumentation guiding sleeve with a bottom of opening,
structure 1s pre-embedded 1n the civil engineering structure
of the reactor workshop, and the instrumentation guiding
sleeve extends downward and obliquely along the wall to the
position near a top ol the pressure vessel, then extends

10

15

20

25

30

35

40

45

50

55

60

65

4

vertically downward and exceeds the plane where the bot-
tom of the pressure vessel locates;

S3. controlling each detector to extend downward and
obliquely along the mnstrumentation guiding sleeve by the
lifting device until each detector reaches corresponding
positions.

In the method for locating a nuclear instrumentation
system, the detector of the power range channel includes
four fission chambers connected 1n turn, the detector of the
intermediate range channel shares two middle fission cham-
bers of the detector of the power range channel, wherein, 1n
step S3, the corresponding positions reached by each detec-
tor 1nclude:

the detector of the source range channel 1s 1nstalled in a
core plane at ¥4 height of the core along the axial direction
of the pressure vessel;

the detectors of the power range channel and the inter-
mediate range channel are along the axial direction of the
pressure vessel, such that the four fission chambers are
homogeneously distributed at both sides of a core plane at %4
height of the core along the axial direction of the pressure
vessel.

When implementing the nuclear instrumentation system
and method for locating the same according to the present
application, following advantageous or eflects can be
obtained. As the detectors of the intermediate range channel
and power range channel both are formed by several fission
chambers, the Gamma radiation resistance property, anti-
noise property and anti-electromagnetic interference prop-
erty are improved, thus high stability and reliability are
possessed, so the surveilling requests of the nuclear power
plant after accidents 1s satisfied. Meanwhile, the detector of
the intermediate range channel shares the fission chambers
in the power range channel, which not only can save
resources and reduce supplies, but also can reduce the
number of detectors to be installed, thus relieving the
workload of the installation and positioning of the follow-up
detector, and reducing the space required for the installation
ol detectors.

Further, the present application increases the number of
some channels, which increases the redundancy, improves
system reliability. Especially for the middle range channel,
the present application improves redundancy, and substan-
tially reduces the number of the general detector at the same
time. In addition, the invention adopts a “bucket installa-
tion”, which guides and installs the detector via the instru-
mentation guiding sleeve, while lifting the detector along the
instrumentation guiding sleeve from the lifting port. The
lifting port 1s arranged on the operation platform of the
reactor workshop, so the installation and lifting require only
compact structure, facilitate operation and maintenance, and
prevent the work stafl from suflering high 1rradiation, com-
paring with the push-pull trolley. In addition, as the cable
connecting plate 1s installed on lifting port arranged on the
operation platform and far away from the reactor core, so
that the transmission signal 1s not subject to disturbance and
influence of the core environment.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

The present application 1s further illustrated combining
the embodiments of present application and the attached
drawings.

FIG. 1 1s a schematic diagram showing the locating of the
detector 1n the traditional nuclear istrumentation system;

FIG. 2 1s a structure diagram of the nuclear instrumenta-
tion system according to the present application.
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FIG. 3 1s a schematic diagram showing the axial distri-
bution of the detector 1n the nuclear instrumentation system

according to the present application.

FIG. 4 1s a schematic diagram showing the radial distri-
bution of the detector 1n the nuclear instrumentation system
according to the present application.

FIG. 5 1s a schematic diagram showing the locating of the
detector 1n the nuclear instrumentation system according to
the present application.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Hereinatiter, embodiments of the present invention will be
described 1n detall with reference to the accompanying
drawings.

FIG. 2 1s a structure diagram of the nuclear mstrumenta-
tion system according to the present application.

A nuclear mstrumentation system 1s mainly used to sur-
veille the reactor core parameters of the pressure vessel,
such as the reactor power, power change rate and the power
radial and axial distribution and so on. The pressure vessel
1s placed in the workshop, and the nuclear instrumentation
system 1ncludes three channels for obtaining surveilling
signals, a protection cabinet for power surveilling of the
signals of the three channels, and a control cabinet for
implementing surveilling of the sound count rate, alarming
and other control functions.

Three channels, that 1s source range channel (SR), inter-
mediate range channel (IR), power range channel (PR), each
includes a corresponding detector. All the detectors of the
nuclear mstrumentation system are distributed around the
reactor pressure vessel. SR provides emergency shutdown
protection function with a main purpose of preventing the
consequences resulted by the subcritical rod withdrawing
accident, boron dilution accident and rod ejection accident.
IR 1s also a super power protection provided by the core
startup and low power phase to prevent the consequences
resulted by the subcritical rod withdraw accident and rod
¢jection accident. PR provides a super power protection
which can cover the operation range of the reactor core
approaching the critical level to the full power, and 1its
emergency shutdown protection mainly prevents the conse-
quences resulted by the rod withdraw accident, boron dilu-
tion accident and rod ejection accident and so on which are
occurred during the power operation. The super power
protection provided by PR has a certain overlapped range
with the super power protection provided by IR at the core
startup and low power phase, which provides a redundancy
super power protection during the core startup and low
power phase.

The IR and PR detectors are improved 1n present appli-
cation. The IR and PR detectors all include several fission
1onization chambers, which are referred to as fission cham-
ber. The IR and PR detectors share a number of fission
chambers. Preferably, all fission chambers of the IR detector
share the fission chambers 1n PR. Since each fission chamber
has two output ends, 1t can be shared through connecting
corresponding output ends. In the specific embodiment, the
PR detector includes four fission chambers connected 1n
turn.

FIG. 3 1s a schematic diagram showing the axial distri-
bution of the detector 1n the nuclear instrumentation system
according to the present application.

In the FIG. 3, the dotted line A represents a plane at %3
height of the core, the dotted line B represents a plane at %4
height of the core, the four strip frames at right represent
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6

four fission chambers 1-4 arranged from up to down, the
strip frame 3 at left represents the SR detector SRD, which
1s similar as the prior art and realized based on boron-lined
proportional counter.

The four fission chambers 1-4 are homogeneously dis-
tributed at both sides of a core plane at 14 height of the core
along an axial direction of the pressure vessel. As the fission
chambers 2-3 are close to the core, the IR detector IRD
shares the fission chambers 2-3 of the PR detector PRD.

The SR detectors SRD mainly detect parameters related to
core starting, so they are arranged in a core plane at /4 height
of the core along an axial direction of the pressure vessel,
corresponding to the position of the primary neutron source.

For example, in the specific embodiment 1n FIG. 3, HO
which representing the core activity height, 1s 365.76 cm, H1
which representing the height of the 4 core plane, 1s 91.44
cm, H2 which representing the distance from the fission
chamber 1 to the core top, 15 50.73 cm, H3 which repre-
senting the distance between the middles of the sensitive
segments of two {fission chambers, 1s 88.1 cm. L which
representing the length of each fission chamber, 1s 23.5 cm.
It can be understood that the specific values of the height,
length are set according to the actual situation, but not
limited.

As the IR and PR detectors are formed by fission cham-
bers which have advantages of long life (up to 40 years),
high Gamma radiation resistance property, fine anti-noise
property, good anti-electromagnetic interference property,
better stability, higher reliability, easy maintenance and no
need to remove high voltage of the detector, so the surveil-
ling requests of the nuclear power plant after accidents can

be satisfied. Meanwhile, as IR and PR share the fission

chambers, the IR and PR detectors are installed in one
instrumentation guiding sleeve when installing, the SR
detector 1s installed in one mstrumentation guiding sleeve
independently, thus relieving the workload of the installation
and positioning of the follow-up detector, and reducing the
space required for the installation.

FIG. 4 shows the overlooking effect of the container
positioning. The radial 0° 1s set alter positioming the pressure

vessel according to the workshop situation, which belongs to
prior art and not repeated herein.

In the radial distribution, the detectors SRD of the three
source range channels are installed homogeneously along a
circumierential direction of the pressure vessel, the detectors
PR/IRD of the four intermediate range channels/power
range channels are installed homogeneously along the cir-
cumierential direction of the pressure vessel, wherein the
detectors of the source range channels and the detectors of
the intermediate range channels/power range channels are
staggered with each other.

Normally, the detectors of the source range channels are
distributed at positions of 0°, 90°, 180° and 270°. However,
when considering the actual situation, the present applica-
tion has 10° detlection. To be specific, the SR detectors are
distributed at radial positions of 10°, 190°, 280° of the
pressure vessel. The IR/PR detectors are arranged at the
diagonal of the core according to the traditional scheme,
which are radial positions of 45°, 135°, 225° and 315° of the
pressure vessel.

FIG. 5 1s a schematic diagram showing the locating of the
detector in the nuclear instrumentation system according to
the present application. The snow filling area in the figure
represents the wall of the workshop. M1 represents the
height position where the operating platform of the reactor
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workshop locating, the region between the M2 and M3
represents the reactor core activity section, corresponding to
the H1 1n FIG. 3 above.

The instrumentation guiding sleeve 200 with a bottom
201 of opening structure 1s pre-embedded 1 a civil engi-
neering structure 400 of a reactor workshop, so as to cope
with possible operation error and dirt removal.

Several lifting ports 100 are arranged 1n a connecting box
500 of an operating platform of the reactor workshop 600.
The number of the lifting ports 100 1s the same as that of the
detectors 700. Each of the lifting ports 100 1s communicated
with one of the instrumentation guiding sleeves 200 which
1s connected with the connecting box via a flange, that 1s,
one detector 1s installed by each lifting port 100. The
instrumentation guiding sleeves 200 can be made of ngid
materials.

The lifting port 100 can be arranged at a position far away
from the pressure vessel along the radial direction. The
istrumentation guiding sleeve 200 extends from the lifting
port 100 downward. It firstly extends vertically downward,
and then obliquely downward to a position T1 near a top of
the pressure vessel, and then extends vertically downward
along the wall and finally exceeds a plane 12 where the
bottom of the pressure vessel locates.

A top of each detector 1s connected with an outer lifting
device, such as a polar crane of the reactor workshop. When
installing the detector, the lifting device puts the detector 1n
aligning the lifting port 100, and then inserts the detector
into the instrumentation guiding sleeve 200 and fixes 1t at the
position corresponding to the pressure vessel. If the detector
should be changed or maintained, the lifting device pulls the
detector upward along the instrumentation guiding sleeve
200, and then pulls the detector out through the lifting port
100.

The invention adopts a “bucket installation”, which
guides and 1installs the detector via the instrumentation
guiding sleeve, while lifting the detector along the instru-
mentation guiding sleeve from the lifting port. The lifting
port 1s arranged on the operation platform of the reactor
workshop, so the installation and lifting require only com-
pact structure, facilitate operation and maintenance, and
prevent the work stail from suflfering high irradiation, com-
paring with the push-pull trolley.

Furthermore, each of the lifting ports 100 1s installed with
the cable connecting plate (unshown), a cable of the detector
1s connected with a protection cabinet of the nuclear instru-
mentation system via the cable connecting plate.

As the cable connecting plate 1s 1nstalled on lifting port
arranged on the operation platform and far away from the
reactor core, so that the transmission signal 1s not subject to
disturbance and intluence of the core environment. Accord-
ingly, the influence of thermal expansion and contraction 1n
prior art never presents, which make the micro-signal (10-11
A) of the detector more stable, and would not be inclined to
mutate or loss the measuring signals of the detector, thus
avoiding the signal instability and the flash of weak signals.

Referring FIG. 2 again, when considering improving the
system reliability, there are three SR, four IR and four PR.

Comparing with the prior art, the numbers of SR and IR
have be increased, which realizing redundant, improving
system reliability. Especially for the IR, as it shares the
fission chamber of PR, the overall number of detectors has
been reduced while improving the redundant.

In FIG. 2, IP-IVP represent four protection cabinets with
device numbers RPN1101AR, RPN1201AR, RPN1301AR,
RPN1401AR, VP represent control cabinets with device
numbers RPN2101AR, RPNI1101AR, RPNI1201AR,
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RPN1301AR, RPN1401AR, RPN2101AR. Four IR/PR
detectors are connected with the four protection cabinets
IP-IVP via coaxial cables, respectively. Three SR detectors
are connected with the protection cabinets IP-IIIP via
coaxial cables, respectively, and are connected with outer
systems via audio counting signal and neutron noise signal
output channel.

Furthermore, the nuclear instrumentation system further
includes an interface system for connecting corresponding
protection cabinet to following systems connected with
other systems of the nuclear power plant: a reactor protec-
tion system (RPS), a rod position indicating and rod control
system (RGL), a main control room (MCR), a core online
survelllance system (KS S), loose parts and vibration sur-
vellling system (KIR).

The RPS 1s used for processing core jumping signal or
core jumping blocking signal sent by the nuclear instrument
system, processing the signals from the power range chan-
nel, determining the axial power deviation DPax, and cal-
culating the reactor emergency shutdown setting value at
super power AT and overtemperature AT. RGL 1s used for
outputting the locking logic and prohibition signal of the
automatic and manual rod withdrawing. A maximum power
analog signal 1s generated by a high selection unit from the
power signals from the four power range channels, and
inputted into the RGL system for processing. MCR 1s used
for displaying the measurement results of nuclear instru-
mentation system, surveilling the core operating mode,
displaying the corresponding alarm, storing the historical
operation parameter of the reactor core, etc. KSS 1s used for
displaying the measuring results and processed signals of the
nuclear mstrumentation system, surveilling the core operat-
ing mode, generating corresponding alarm, and storing the
historical operation parameter of the reactor core, etc. KIR
1s used for recerving the neutron level and neutron noise
signal from the power range channel.

Correspondingly, a method for locating a nuclear 1nstru-
mentation system discussed above 1s provided in present
application, which including following steps.

S1. The top of each detector 1s connected with the lifting
device outside the workshop.

S2. Each detector 1s put into corresponding lifting port
alter being lifted by the lifting device, wherein, the lifting
ports are arranged in the connecting box of the operating
platform of the reactor workshop. Each of the lifting ports 1s
communicated with one instrumentation guiding sleeve
which 1s connected with the connecting box via a flange. The
instrumentation guiding sleeve with a bottom of opening
structure 1s pre-embedded 1n the civil engineering structure
of the reactor workshop, and the mnstrumentation guiding
sleeve extends downward and obliquely along the wall to the
position near a top ol the pressure vessel, then extends
vertically downward and exceeds the plane where the bot-

tom of the pressure vessel locates;

S3. Each detector 1s controlled to extend downward and
obliquely along the instrumentation guiding sleeve by the
lifting device until each detector reaches corresponding
positions.

Wherein, the corresponding position includes following
arrangement.

For SR detector, the corresponding position 1s arranged 1n
a core plane at /4 height of the core along an axial direction
of the pressure vessel.

For PR and IR detectors, the corresponding positions are
arranged along an axial direction of the pressure vessel such
that the four fission chambers are homogeneously distrib-
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uted at both sides of a core plane at 2 height of the core
along an axial direction of the pressure vessel.

When the detector should be taken out, the lifting device
pulls the detector upward along the instrumentation guiding,
sleeve 200, and then pulls the detector out through the lifting
port 100.

When implementing the nuclear mstrumentation system
and method for locating the same according to the present
application, following advantageous or eflects can be
obtained. As the detectors of the intermediate range channel
and power range channel both are formed by several fission
chambers, the Gamma radiation resistance property, anti-
noise property and anti-electromagnetic interference prop-
erty are improved, thus high stability and reliability are
possessed, so the surveilling requests of the nuclear power
plant after accidents 1s satisfied. Meanwhile, the detector of
the intermediate range channel shares the fission chambers
in the power range channel, which not only can save
resources and reduce supplies, but also can reduce the
number of detectors to be installed, thus relieving the
workload of the installation and positioning of the follow-up
detector, and reducing the space required for the installation
of detectors. Further, the present application increases the
number of some channels, which increases the redundancy,
improves system reliability. Especially for the middle range
channel, the present application improves redundancy, and
substantially reduces the number of the general detector at
the same time. In addition, the invention adopts a “bucket
installation”, which guides and installs the detector via the
instrumentation guiding sleeve, while lifting the detector
along the instrumentation guiding sleeve from the lifting
port. The lifting port 1s arranged on the operation platform
of the reactor workshop, so the nstallation and lifting
require only compact structure, facilitate operation and
maintenance, and prevent the work stafl from suflering high
irradiation, comparing with the push-pull trolley. In addi-
tion, as the cable connecting plate 1s 1nstalled on lifting port
arranged on the operation platform and far away from the
reactor core, so that the transmission signal 1s not subject to
disturbance and influence of the core environment.

The foregoing description of the embodiment of the
present application has been presented for purpose of 1llus-
tration and description. It 1s intended to illustrate the present
application rather than limit the application to the precise
form disclosed. It should be understood that various
changes, substitutions and alterations can be made hereto by
one skilled 1n the art based on the motivation of the present
application, without departing from the spirit and scope of
the present application as described by the appended claims.

What claimed 1s:

1. A nuclear instrumentation system for surveilling reactor
core parameters of the pressure vessel, including a source
range channel, an intermediate range channel and a power
range channel, wherein each channel includes one detector
installed around the pressure vessel, wherein the detector of
the power range channel includes at least one fission cham-
ber and the detector of the intermediate range channel
includes at least one fission chamber; wherein the detector of
the power range channel and the detector of the intermediate
range channel share at least one fission chamber.

2. The nuclear instrumentation system according to claim
1, wherein the detector of the power range channel 1includes
four fission chambers connected sequentially, wherein, the
four fission chambers are distributed with a same distance at
both sides of a core plane at 2 height outside of the core
along an axial direction of the pressure vessel, the detector
of the mtermediate range channel shares both two middle
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fission chambers of the detector of the power range channel;
wherein two fission chambers are arranged at upside of the
core plane while two {fission chambers are arranged at
downside of the core plane.

3. The nuclear instrumentation system according to claim
1, wherein the detector of the source range channel 1s
installed 1n a core plane at %4 height of the core along an
axial direction of the pressure vessel.

4. The nuclear instrumentation system according to claim
1, wherein there are three source range channels, four
intermediate range channels and four power range channels.

5. The nuclear instrumentation system according to claim
4, wherein the detectors of the four intermediate range
channels and the detectors of the four power range channels
are both 1nstalled 1n one first instrumentation guiding sleeve,
the detectors of the three source range channels are 1nstalled
in one second nstrumentation guiding sleeve independently,
the detectors of the three source range channels are 1nstalled
with a same distance along a circumierential direction of the
pressure vessel, the detectors of the four intermediate range
channels and four power range channels are installed with a
same distance along the circumierential direction of the
pressure vessel, wherein the detectors of the three source
range channels and the detectors of the four intermediate
range channels and four power range channels are oflset
with each other.

6. The nuclear mstrumentation system according to claim
5, wherein the detectors of the three source range channels
are distributed at radial positions of 10°, 190°, 280° of the
pressure vessel the detectors of the four intermediate range
channels and four power range channels are distributed at
radial positions of 45°, 135°, 225° and 3135° of the pressure
vessel.

7. The nuclear instrumentation system according to claim
5, wherein the first mstrumentation guiding sleeve and the
second 1nstrumentation guiding sleeve are an instrumenta-
tion guiding sleeve with a bottom of opeming structure 1s
pre-embedded 1 a civil engineering structure of a reactor
workshop, and the mnstrumentation guiding sleeve extends
downward and obliquely along a wall to a position near a top
of the pressure vessel, then extends vertically downward and
exceeds a plane where a bottom of the pressure vessel
locates.

8. The nuclear instrumentation system according to claim
5, wheremn the nuclear instrumentation system further
includes at least one lifting port 1n a connecting box of an
operating platform of the reactor workshop, each lifting port
1s corresponding connected with one of the first mnstrumen-
tation guiding sleeve and the second instrumentation guid-
ing sleeve; wherein the first mstrumentation guiding sleeve
and the second nstrumentation guiding sleeve are connected
with the connecting box, and each detector in each channel
1s connected with an outer lifting device.

9. The nuclear instrumentation system according to claim
8, wherein each lifting port 1s installed with a cable con-
necting plate, a cable of the each detector 1n each channel 1s
connected with a protection cabinet of the nuclear instru-
mentation system via the cable connecting plate.

10. The nuclear instrumentation system according to
claim 8, wherein the outer lifting device 1s a polar crane of
the reactor workshop.

11. The nuclear nstrumentation system according to
claim 5, wherein the nuclear instrumentation system further
includes four protection cabinets, the detectors of the four
intermediate range channels and four power range channels
are connected with the four protection cabinets via coaxial
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cables, respectively, each of the detectors of the three source
range channels 1s connected with one protection cabinet via
a coaxial cable.

12. The nuclear instrumentation system according to
claim 11, wherein the nuclear instrumentation system further
includes one control cabinet connected with each protection
cabinet.

13. The nuclear mstrumentation system according to
claim 11, wherein the nuclear instrumentation system further
includes an interface system for connecting the four protec-
tion cabinet to following systems: a reactor protection
system, a rod position indicating and rod control system, a
main control room, and a core online surveillance system.
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